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Abstract 

a,p-Poly(A^-2-hydroxyethyl)-Di--aspartamide (PHEA), a synthetic water-soluble biocompatible polymer, was derivatized 
with glycidyl methacrylate (GMA), in order to introduce in its structure chemical residues having double bonds and ester 
groups. The obtained copolymer (PHG) contained 29 mol% of GMA residues. PHG aqueous solutions at various 
concentrations ranging from 30 to 70 mg/ml were exposed to a source of UV rays at X 254 nm in the presence or in the 
absence of A^Af'-methylenebisacrylarnide (BIS); the formation of compact gel phases was observed beginning from 50 mg/ml. 
The obtained networks were characterized by FT-IR spectrophotometry and swelling measurements which evidenced the 
high affinity of PHG hydrogels towards aqueous media at different pH values. In vitro chemical or enzymatic hydrolysis 
studies suggested that the prepared samples undergo a partial degradation both at pH 1 and pH 10 and after incubation with 
enzymes such as esterase, pepsin and a-chy mo trypsin. Finally, the effect of irradiation time on the yield and the properties of 
these hydrogels was investigated and the sol fractions coming from irradiated samples, properly purified, were characterized 
by FT-IR and 1 H-NMR analyses. © 1999 Elsevier Science B.V. All rights reserved. 
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1* introduction 

In the area of controlled drug delivery much at- 
tention has been recently directed to biodegradable 
hydrogels [1-7]. They can be prepared from water- 
soluble polymers which crosslink either by chemical 
reaction with or without crosslinking agents or by 
irradiation by using UV, y~ or (3-rays [8-12]. In this 
context our interest is addressed to the preparation 
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of hydrogels employing as starting polymer a water- 
soluble macromolecule at protein-like structure, i.e. 
a,[3~poly(W-2-hydroxyethyl)-DL-aspartarnide (PHEA) 
[13] and UV irradiation as preparation procedure. 

Already for several years our research group has 
been working on a thorough investigation of PHEA 
[14-17] since the favorable toxicological and physico- 
chemical properties of this polymer allow it to be 
proposed as carrier in macromolecular prodrugs 
[18-21] and starting material to prepare hydrogels 
by 7-irradiation [22-24]. 

Now our attention is focused on the preparation 
of hydrogels using UV rays, since they give several 
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advantages in comparison with y-rays. In particular, 
y-rays have a higher energy and give rise to the 
breaking of chemical bonds in a non-selective and 
difficult to check way. In effect, besides homolytic 
breaking of n bonds, y-ir radiation can give rise to 
breaking of a bonds, which are not involved in the 
crosslinking process, thus causing degradation phe- 
nomena in the irradiated polymer. UV irradiation is 
more selective and involves only the chromophores 
able to absorb radiations with a suitable energy. The 
portion of a polymer which is not photochemically 
active does not interact with UV rays and therefore 
does not undergo any primary photochemical effect 
[25]. However, relatively little work has been re- 
ported on the preparation of hydrogels via photo- 
crosslinking of water soluble polymers for all the 
advantages of this procedure [26-28]. 

In this context, during preliminary experiments 
PHEA was subjected to the action of UV rays both 
at solid state and in aqueous solution at different 
concentrations, but it did not show any chemical 
alteration. Then, in order to increase the reactivity 
of this polymer towards UV rays, we properly deriv- 
atized PHEA introducing into its side chains specific 
chromophore groups. To this aim, we derivatized 
PHEA with glycidyl methacrylate (GMA) which con- 
tains in the same molecule an ester group conjugated 
to a double bond. Besides increasing the reactivity of 
PHEA towards UV activated reactions, this ap- 
proach should allow us to obtain potentially biode- 
gradable hydrogels provided that ester groups re- 
main after the crosslinking process. 

In a previous article a series of derivatized PHEA 
samples at various GMA content (PHG copolymers) 
had been obtained by varying some reaction param- 
eters as solvent, catalyst, pH, GMA concentration 
and reaction time [29]. 

In the present paper we report the formation of 
new hydrogels obtained by exposing aqueous solu- 
tions of a PHG sample with a derivatization degree 
of 29 mol% to UV rays in the presence or in the 
absence of MA^-methylenebisacrylamide (BIS), Hy- 
drogels have been characterized by FT-1R spectro- 
photometry and swelling measurements in aqueous 
media at different pH values. In vitro studies of 
chemical and enzymatic hydrolysis on the obtained 
networks have been carried out to confirm their sug- 
gested biodegradability. The effect of irradiation time 



on yield and properties of PHG hydrogels has been 
also investigated. Finally, in order to obtain further 
information on the processes which occur during UV 
irradiation in the adopted experimental conditions, 
the sol fractions have been purified and characterized 
by FT-IR and 1 H-NMR analyses. 



2. Materials and methods 

2.7. Chemicals 

All used reagents were of analytical grade, unless 
otherwise stated. D,L-Aspartic acid, ethanolamine, 
Af AMimethylformamide (BMP), anhydrous NN-di- 
methylacetamide (DMA) and BIS were fi *om Fluka 
(Switzerland). GMA, 4-dimethylaminopyridine (4- 
DMAP) and D 2 0 (iso topic purity 99.9%) were pur- 
chased from Aldrich Chemical (St. Louis, MO, 
USA). Pepsin from porcine stomach mucosa, 
3500 U (mg protein)" 1 and a-chymotrypsin from 
bovine pancreas, 49 U (mg protein) -1 were pur- 
chased from Sigma (USA). Esterase from hog liver, 
130 U (mg protein)" 1 , was obtained from Boehringer 
Mannheim (Germany). 

2.2. Apparatus 

Molecular weights and polydispersity indices of 
starting PHEA and PHG copolymer were deter- 
mined by light scattering measurements, using a 
Dawn DSP-F Laser Spectra Physics Spectrometer, 

Elemental analyses (C, H, N) were carried out on 
a Carlo Erba model 1106 analyzer; PHG was quan- 
titatively dried before analysis under reduced pres- 
sure (10~ 3 mm Hg) at room temperature for 48 h 
on P 2 0 5 . 

1 H-NMR spectra were obtained with a Bruker 
AC-250 instrument operating at 250.13 MHz, 

FT-.IR spectra were recorded using a FT-IR Vec- 
tor 22 Bruker spectrometer as pellets in KBr in the 
range 4000-400 cm -1 . The resolution was 1 cm" 1 . 
The deuterated spectra were obtained on samples 
solubilized or dispersed in D 2 0 and then dried. 

Viscosity measurements were carried out at 
25±0.01°C using an Ubbelohde micro viscometer 
equipped with an AVS 440 automatic viscosity meas- 
uring unit from Schott. 
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UV spectra were obtained on a Perkin-Elmer 330 
instrument equipped with a 3600 data station. 

UV irradiation was performed using a Rayonet 
reactor equipped with a Rayonet Carousel Motor 
Assembly and 16 mercury lamps of 8 W at low pres- 
sure with an emission at X 254 nm, 

Centrifugation was performed with an Internation- 
al Equipment Company Centra MP4R equipped 
with a 854 rotor and temperature control. 

23. PHEA synthesis 

PHEA was prepared by reaction of a polysuccin- 
imide (PSI), obtained by thermal polycondensation 
of D,L-aspartic acid, with ethanolamine in DMF sol- 
ution and purified according to a elsewhere reported 
procedure [13]. Spectroscopic data (FT-IR and 
'H-NMR) were in agreement with the literature val- 
ues [19]. The batch of PHEA used in the present 
study had a weight-average molecular weight of 
56 900 (A/ w /A/„ = 1.79); [77] = 25.6 ml/g. 

2.4. Derivatization of PHEA with glycidyl 
methacrylate ( PHG copolymer) 

The reaction between PHEA and GMA was car- 
ried out in organic phase using a procedure reported 
elsewhere [29]. The degree of derivatization (DD) of 
prepared PHG was determined by 1 H-NMR and re- 
sulted to be 29 mol%. PHG copolymer was also 
characterized by FT-IR spectrophotometry and light 
scattering measurements, (Af w = 70 000, M w /M n = 
1.84); [77] = 26.2 ml/g. 

2. 5. Viscosity measurements 

Intrinsic viscosity, [77], of PHEA or PHG was de- 
termined in distilled water measuring reduced viscos- 
ities in the range 2-10 mg/ml and extrapolating the 
concentration to zero. 

2.6. UV irradiation of PHEA 

PHEA at the solid state or in aqueous solution 
(concentration range 20-100 mg/ml) was placed in 
quartz tubes each equipped with an internal quartz 
piston in order to have about 2 mm in thickness of 
sample, then irradiated under nitrogen at X 254 nm 



for 10 h. No appearance of insoluble network was 
observed. Then, the sample was dialyzed utilizing 
Visking dialysis tubing (18/32 inch) with a molecular 
weight cut-off of 12000-14000. After dialysis, the 
polymer solution was concentrated under vacuum 
and lyophilized. The obtained product was weighed 
and characterized by FT-IR spectrophotometry, 
1 H-NMR analysis and viscosity measurements. 

2. 7. Formation of polymeric net works by 
UV irradiation of PHG 

Aqueous solutions of PHG copolymer (concentra- 
tion range 30-70 mg/ml) with or without BIS 
(25 mol% with respect to the mols of GMA linked 
to PHEA) were placed in quartz tubes (see above) 
then irradiated for 3.5 h under nitrogen at X 254 nm. 
After this time polymer solutions were observed and 
the samples producing an insoluble network were 
removed. Every gel was purified by several washes 
with distilled water, centrifuged at 12 000 rpm at 
4°C for 20 min then lyophilized, weighed and char- 
acterized by FT-IR spectrophotometry. 

2.8. Study of sol fractions 

The liquid aqueous phase which separates from gel 
phase during irradiation process performed on a 
PHG solution (60 mg/ml) both in the presence or 
in the absence of BIS, was added to the washing 
liquids (see Section 2.7) of corresponding gel phase 
and lyophilized. The obtained product was dissolved 
in distilled water and subjected to extensive dialysis 
utilizing Visking dialysis tubing (18/32 inch) with a 
molecular weight cut-off of 12 000-14 000. After dial- 
ysis the solution was lyophilized and the obtained 
product was characterized by FT-IR and 1 H-NMR 
analyses, 

1 H-NMR (D2O) spectra still showed the presence 
of signals at low intensity, due to residues of GMA 
linked to PHEA: 6 1.94 [s, 3H, -CO-C(CH 3 ) = CH 2 ], 
4.28 [m, 1H, -0-CH 2 -CH(OH)-CH 2 -], 5.75 and 6.15 
[2s, 2H, -CO-C(CH 3 ) = CH 2 ]. 

2.9. Swelling studies 

Swelling studies were performed on the samples 
obtained by the irradiation of 60 mg/ml PHG solu- 
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tions with and without BIS (samples PHG-UV rays 
and (PHG+BIS)-UV rays, respectively). Swelling 
ability of these samples was determined at 25°C in 
double-distilled water, HC1 OJ N (pH 1) and phos- 
phate buffers (NaCl Na 2 HP0 4 , KH 2 P0 4 ) at pH 6.8 
and 7.4. In particular, aliquots of each dried and 
exactly weighed sample were kept in contact with 
the penetrant medium until the equilibrium swelling 
was reached then, each swollen sample was filtered, 
plugged by blotting paper and weighed. Water con- 
tent (WC %) was calculated as follows: 

WC(%) = ( W s -W d )/ W % x 1 00 

where JV S and JV d are the weight of swollen and dry 
sample respectively. 

2.10, Chemical hydrolysis of PHG-UV raws and 
(PHG+BIS)-UV rays hydrogels 

In vitro stability of PHG-UV rays and 
(PHG4-BIS)-UV rays hydrogels was investigated in 
HC1 0.1 N (pH 1), phosphate buffer solution at pH 
7,4 (NaCl, Na 2 HP0 4 , KH 2 P0 4 ) and NaOH 10~ 4 N 
(pH 10). Samples (25 mg) were dispersed in 10 ml of 
liquid medium, then kept in a water bath at 
37±0.3°C with continuous stirring (100 rprn) for 
5 days. After this time, samples were neutralized, 
centrifuged at 12 000 rprn at 30°C for 35 min and 
the supernatant was separated. For each sample, 
the solid precipitate was washed five times with dis- 
tilled water under continuous stirring at 37°C for 1 h 
to extract any soluble polymer chain and electrolytes 
entrapped in the network. Finally, each sample was 
washed with acetone and centrifuged at 12 000 rprn 
at 10°C for 15 min. The recovered solid residue was 
then dried, weighed and characterized by FT-JR 
analysis and swelling studies in double-distilled 
water. Each experiment was performed in triplicate 
and results were in agreement within ± 2% error. 

2. 11. Enzymatic hydrolysis of PHG-UV rays and 
(PHG+BIS)-UV rays hydrogels 

Aliquots (25 mg) of PHG-UV rays and 
(PHG+BIS)-UV rays hydrogels were incubated 
under continuous stirring (100 rprn) at 37±0.1°C 
by using a water bath with: (a) 2 ml HC1 solution 
(0.01 N) at pH 2 containing pepsin (final enzyme 



concentration 0.8 mg/ml) for 24 h; (b) 2 ml of 
TRIS buffer solution at pH 8 containing CaCl 2 
0,1 M and oc-chymotrypsin (final enzyme concentra- 
tion 0.8 mg/ml) for 24 h; (c) 2 ml of phosphate buffer 
solution (NaCl, Na 2 HP0 4 , KH 2 P0 4 ) containing es- 
terase (final enzyme concentration 0.9 mg/ml) for 
5 days. Enzyme solutions were prepared immediately 
before the experiment. After each experiment, sam- 
ples were neutralized (when necessary), purified and 
characterized by the same methods used for samples 
obtained after chemical hydrolysis. 

3, Results and discussion 

The use of UV rays in order to prepare crosslinked 
polymer systems is a very profitable method due to 
its easiness of approach and the possibility to obtain 
pure products, i.e. not contaminated with residuals 
of toxic initiators or crosslinking agents [30,33]. In 
this context, PHEA has been irradiated at X 254 nm 
both in the solid state and in aqueous solution at 
various concentrations, but as expected, this polymer 
does not undergo any photolytic effect or crosslink- 
ing process. In effect, the only chromophores of 
PHEA are the amide groups of main backbone 
which do not show a valuable absorption at X 254 
nm. Then, after UV irradiation, the polymer was 
purified by dialysis, lyophilized, weighed and charac- 
terized. No variation in the weight, spectral data 
(FT-IR, 'H-NJVIR) and [?]] value was found in com- 
parison with starting PHEA. 

However, it is known that a partial chemical mod- 
ification of a macromolecule is a strategy pursued in 
order to improve its reactivity towards a particular 
reaction, such as crosslinking, grafting or linkage 
with a biologically active agent. Then, in order to 
prepare new crosslinked materials through UV irra- 
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Fig. [. Chemical structure of PHG copolymer. 



<XP 4276327A I > 



BBAGEN 24810 2-6-99 



G. Giammona et al I Biochimica et Biophysica Acta 1428 (1999) 29-38 



33 




diation we first acryloylated PHEA which was sub- 
sequently subjected to UV ray action. 

In particular, the reaction between GMA and 
PHEA gives rise to the formation of PHG copolymer 
shown in Fig. 1. PHG copolymer which was water- 
soluble, like starting PHEA, was characterized by 
FT-IR spectroscopy and 'H-NMR analysis. 

In particular, FT-IR spectrum of PHG, compared 
to PHEA one, shows new bands due to the introduc- 
tion of GMA residues. As reported in Fig, 2 (spec- 
trum a) the most important signals are: (i) the ester 
band of GMA unit shifted to lower frequency 
(1720 cm" 1 ) because this group is involved in hydro- 
gen bond and conjugated with the double bond; (ii) 
the two medium-weak bands of the vinylidene CH 
deformation at 1405 and 950 cm"" 1 due to scissoring 
and wagging moves, respectively. The degree of de- 
rivatization determined by VH-NMR analysis was 
equal to 29 mol%. The UV spectrum of PHG aque- 
ous solution shows an absorption band within the 
range 240-330 nm in which the starting polymer 
does not absorb (see Fig. 3). 

3.1. Formation of polymeric networks by UV 

irradiation of PHG and their characterization 

Aqueous solutions of PHG copolymer (range 30- 



70 mg/ml) in the presence and in the absence of a 
biodegradable crosslinking agent, such as BIS [32] 
(25 mol% with respect to the mols of GMA linked 
to PHEA), were irradiated under nitrogen for 3.5 h 
at A 254 nm and the obtained gels were purified as 
described in Section 2, The percentage (w/w) of gel 
phase based on the starting PHG versus PHG con- 
centration in the presence or in the absence of BIS is 
reported in Fig. 4. 

In effect the smallest concentration of PHG which 
gave rise to an insoluble product was 50 mg/ml. The 
yield of gel phase increases by increasing PHG con- 
centration and, as expected, the presence of BIS 
causes an increase in the weight of gel phase due to 
the participation of this agent in the crosslinking 

, 0 — 
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200 250 300 350 400 

Fig. 3. UV spectra of PHEA (a) and PHG (b) aqueous solu- 
tions. 
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Fig. 4. Percentage of gel phase versus PHG concentration in 
the presence (») and in the absence (□) of BTS. 

process. All obtained networks were insoluble in 
water and in the common organic solvents, such as 
dichloromethane, acetone, ethanol, dimethylsulfox- 
ide, dimethylacetamide, dimethylformamide. 

FT-J.R spectra of PHG hydrogels obtained in the 
presence or in the absence of BIS show different 
peaks in comparison with starting uncrosslinked 
PHG (see Fig, 2, spectra b and c compared with 
spectrum a). The more interesting feature is the shift 
to higher frequency (1730 cm" 1 ) of ester group asym- 
metric stretching. This shift suggests the lack of con- 
jugation with the double bond in the GMA residue, 
which bands (at 1405 and 950 cm" 1 ), furthermore, 
are not visible in the spectra. This points to the open- 
ing of the double bond caused by UV irradiation and 
the occurrence of inter- and intra-polymeric chain 
crosslinking. 

In order to evaluate the affinity of prepared net- 
works towards aqueous medium, swelling studies 
have been carried out at 37°C on dried PHG-UV 
rays and (PHG+BIS)-UV rays samples in the pres- 
ence of various media mimicking physiological envi- 
ronments such as solutions at pH 1 (simulated gas- 
tric fluid), pH 6.8 (simulated intestinal fluid) and pH 
7,4 (simulated extracellular fluid). 



The values of water content (WC %) for the inves- 
tigated samples are reported in Table 1. 

In particular, for the investigated samples, the 
swelling degree does not change significantly in me- 
dia with a pH value close to neutrality (double-dis- 
tilled water, buffers at pH 6.8 and 7,4). The observed 
small differences could be related to the different os- 
motic pressure and ionic strength of the swelling me- 
dium. In contrast, the swelling at acidic pH is lower 
than that found in other media, similar to PHG hy- 
drogels obtained through y-irradiation [33]. In addi- 
tion, the presence of BIS affects slightly the swelling 
of the prepared networks. However, the values of 
water content reported in Table 1 show the outstand- 
ing swelling of PHG-UV rays and (PHG+BIS)-UV 
rays samples. This result is an essential property of 
hydrogel systems because it grants them a potential 
biocompatibility and affects the ability to release en- 
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Table 1 

Swelling ability of PHG-UV ray and (PHG+BTS)-UV ray sam- 
ples in various media 





Water content (%) 






H 2 0 pH 1 pH 6.8 


pH 7.4 


PHG-UV rays 


88.4 58.6 87.1 


88.1 


(PHG+BTS)-UV rays 


88.9 63.5 88.5 


85.7 



2000 1600 1200 

Wavenumber (cm ') 

Fig. 5. FT-JR spectra of PHG-UV ray sample before chemical 
treatment (a) and after treatment at pH 7.4 (b), pH 1 (c) and 
pH 10 (d). 
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Table 2 

Yield (%) after chemical or enzymatic hydrolysis of PHG-UV ray and (PHG+BIS)-UV ray samples 



Yield (%) after chemical or enzymatic hydrolysis 



PHG-UV rays 



(PHG+BTS)-UV rays 



Sample incubated at pH 1 


89 


91 


Sample incubated at pH 7.4 


96 


97 


Sample incubated at pH 10 


70 


76 


Sample treated with esterase 


73 


73 


Sample treated with pepsin 


93 


95 


Sample treated with a-chymotrypsin 


97 


98 



trapped solutes, such as drug or enzyme molecules, 
in a physiological medium. 

Besides, the presence of ester groups in the chem- 
ical structure of both PHG-UV rays and 
(PHG+BIS)-UV rays networks confers a potential 
biodegradability to these systems, so we considered 
it interesting to evaluate their stability after chemical 
or enzymatic treatments. 

The chemical stability of PHG-UV rays and 
(PHG+BIS)-UV rays samples was evaluated by in- 
cubating them in HC1 (pH 1), phosphate buffer (pH 
7.4) and NaOH (pH 10) solutions at 37°C for 5 days. 

The yield of samples recovered after this treatment 
is reported in Table 2. The values of WC %, deter- 
mined in double-distilled water, of the samples recov- 
ered after hydrolytic treatment are reported in Table 
3. 

The increase of swelling of the samples after hy- 
drolytic treatment at pH 1 and pH 10 suggests that 
the prepared hydrogels undergo a partial degrada- 
tion in these media. This result has been also con- 
firmed by FT-IR spectra (see Fig. 5). In particular, at 
pH 7.4 the intensities and the positions of the bands 



remain unaffected after the treatment. At pH 1 just 
an increase in intensity and a shift to lower frequen- 
cies of the ester CO asymmetric stretching were evi- 
denced, due to a partial hydrolysis of the ester group 
with formation of alcoholic and acid residues along 
the polymeric matrix. At pH 10 an impressive reduc- 
tion of ester asymmetric stretching was recorded be- 
cause of hydrolysis and formation of carboxylate and 
alcoholic groups. Similar results have been obtained 
for the (PHG+BIS)-UV rays sample. 

in order to evaluate the stability of PHG-UV ray 
and (P.HG+BIS)-UV ray samples towards the en- 
zymes of the gastrointestinal tract, hydrolysis assays 
have been performed in the presence of pepsin and 
a-chymotrypsin. Due to the presence of ester bonds, 
hydrolytic treatment was also carried out in the pres- 
ence of esterase. 

In particular, PHG-UV ray and (PHG+B1S)-UV 
ray samples were incubated at 37°C in the presence 
of pepsin or a-chymotrypsin for 24 h and in the 
presence of esterase for 5 days. The yield of samples 
recovered after enzymatic treatment is also reported 
in Table 2. 



Table 3 

Swelling ability (determined in double-distilled water) after chemical or enzymatic hydrolysis of PHG-UV ray and (PHG+BTS)-UV 
ray samples 

Water content (%) after chemical or enzymatic hydrolysis 



PHG-UV rays (PHG+BTS)-UV rays 



Sample not treated 


76.8 


80.6 


Sample incubated at pH 1 


85.2 


87.6 


Sample incubated at pH 7.4 


77.3 


81.2 


Sample incubated at pH 10 


88.3 


92.1 


Sample treated with esterase 


96.1 


95.5 


Sample treated with pepsin 


91.3 


94.1 


Sample treated with a-chymotrypsin 


91.2 


92.6 
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2000 1600 1200 

Wnvetiumber (cm ') 

Fig. 6. FT-TR spectra of PHG-UV ray sample before (a) and 
after (b) incubation with esterase. 

As far as FT-IR analysis is concerned, only the 
samples treated with esterase showed any modifica- 
tion in the spectrum (see Fig. 6), where the intensity 
of ester band was reduced. This result suggests a 
slow action of the enzyme preferentially towards ex- 
ternal sites of the crosslinked polymeric matrix. Sim- 
ilar results have been obtained for the (PHG+BIS)- 
UV ray sample. The values of WC % (determined in 
double-distilled water) of the samples recovered after 
enzymatic treatment are also reported in Table 3. 

The increase of swelling of the samples after enzy- 
matic treatment suggests that the prepared hydrogels 
undergo a decrease of the crosslinking degree, i.e. a 
partial degradation. 

Table 4 

Effect of irradiation time on yield (%) of PHG-UV ray and 
(PHG+BJS)-UV ray samples 

Yield (%) 

Irradiation time (h) PHG-UV rays (PHG+BIS)-UV rays 



1 51 53 

2 46 55 
3.5 43 51 
7 38 45 



32. Influence of Irradiation rime 

In order to evaluate the effect of irradiation time 
on yield % of prepared hydrogels, aqueous solutions 
of PHG (60 mg/ml) were irradiated at 254 nm for 1, 
2 and 7 h besides 3.5 h in the presence or in the 
absence of BIS, Small differences of yield % as a 
function of irradiation time have been found, as evi- 
denced in Table 4. Besides all samples obtained at 
different irradiation times have been characterized by 
swelling measurements in double-distilled water and 
at pH 1 (see Table 5) and FT-1 R analysis. 

The increase of WC % of samples irradiated for 
1 and 2 h, in comparison with the samples irradiated 
for 3.5 h, could be due to an incomplete crosslinking 
of PHG chains. FT-IR spectra are in agreement with 
this supposition since the bands of unsaturations of 
GMA residues linked to PHG (and BIS molecules if 
used) are still present even if with a low intensity. 

Instead, the increase of swelling degree of the sam- 
ples irradiated for 7 h and the lower yield % value in 
comparison with the samples irradiated for 3.5 h 
could be due to probable degradation phenomena 
which occur on side chains of polymeric material in 
consequence of a prolonged exposure to UV rays. 

However, FT-IR spectra of the samples irradiated 
for 7 h do not show valuable differences in compar- 
ison with that ones irradiated for 3.5 h. 

3.3. Study of sol fractions 

Finally, in order to have a greater knowledge of 
the processes occurring during UV irradiation in the 
used experimental conditions, the sol fractions re- 
lated to PHG-UV rays and (PHG+BIS)-UV rays 
samples were dialyzed (see Section 2) and recovered 

Table 5 

Effect of irradiation time on swelling ability of PHG-UV ray 
and <PHG+BTS)-UV ray samples 



Irradiation time (h) Water content (%) 





PHG-UV rays 


(PHG+BIS)-UV rays 


H 2 0 


pH 1 


H 2 0 


pH 1 


1 


93.9 


80.9 


87.3 


SI. 3 


2 


84.2 


74.4 


84.5 


72.4 


3.5 


76.S 


58.6 


80.6 


63.5 


7 


86.3 


75.1 


84.9 


69.2 
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after lyophilization. The yield of sol fractions recov- 
ered after dialysis was 8.75 and 5.5% w/w, based on 
starting PHG, for samples corresponding to PHG- 
UV rays and (PHG+BIS)-UV rays, respectively. Be- 
sides, the yield of dialyzed sol fractions (1 5.9% and 
1 1 .6% based on sol fractions before purification) sug- 
gests that during irradiation process probably degra- 
dation phenomena occur on the main backbone and 
side chains of PHG producing chains at low molec- 
ular weight which are removed by dialysis. 

Besides, both purified sol fractions have been char- 
acterized by FT-1R and 'H-NMR analyses. In par- 
ticular, the FT-1R spectrum of the purified PHG-UV 
ray sol fraction showed a drastic lowering of the 
ester band probably due to breaking of side chains 
of polymer. 

The structural variations seem point to a 'relaxa- 
tion 1 of the polymer with a lowering of hydrogen 
bonds as suggested by a narrow band centered at 
3420 cm™ 1 , by the presence of shoulders to higher 
frequencies, CO of secondary alcohol, over the pri- 
mary alcohol band. 

1 H-NMR spectra show also a decrease of integral 
values related to GMA residues which remain linked 
to uncrosslinked polymer fraction (about 2.5 and 
6.12 mol% for the PHG-UV ray and (PHG+BIS)- 
UV ray sol fractions respectively). This result, in 
agreement with FT-IJR analysis, confirms the occur- 
rence of degradation phenomena on PHG side 
chains. 



4. Conclusions 

The derivatization of PHEA with GMA is a profit- 
able method to introduce pendant double bonds and 
ester groups in side chains of this macromolecule. 
The presence of GMA residues makes starting poly- 
mer properly reactive towards the reactions activated 
by UV rays in order to obtain crosslinked structures. 
In fact, the exposure of aqueous solutions of the 
function a lized polymer (PHG) at a wavelength of 
254 nm in the presence or in the absence of a bio- 
degradable crosslin ker such as BIS gives rise to the 
formation of hydrogets exhibiting a high affinity to- 
wards aqueous media mimicking biological fluids. In 
addition, due to the presence of ester groups which 
are maintained after crosslinking process these hy- 



drogels undergo a partial degradation by chemical 
or enzymatic hydrolysis. 
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